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Abstract. Total eclipse observations were performed in 2008 and 2009 to study the He I 
and He II shells near the 1 Mm heights above the solar limb. They suggest that the corona 
penetrates deep into the chromosphere following magnetic chanels. Thanks to the use of a 
fast CCD camera, the observation of a second ionized helium shell is evidenced for the first 
time. The transition region is then seen at very low altitude where spicules are emerging. 
Spicule feet are also discussed, using the best resolution SOT/Hinode HCall images 
processed with the non linear operator Madmax to look at details of this ubiquitous part of 
the solar atmosphere. 
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1 Introduction 

New results coming from the August 1 st 2008 and July 22 nd 2009 total solar 
eclipses observed in Siberia and China were obtained in the frame of 2 expeditions 
leaded by L. Dame (CNRS). In both cases, a small experiment with a 600 
grooves/mm transmission grating put in front of a 600 mm focal length refractor 
was prepared. In the first part of this work, we will make assumptions of an 
uniform layer with hydrostatic stratified shells, described for ex. by the VAL 
model Vernazza, Avrett and Loeser, 1981 [1]. We then measure the thickness and 
intensities profiles of the helium lines and of lines from heavier elements such as 
iron, ionized barium, titanium, etc. After, we consider the non homogenous nature 
of this layer. 



2 Origin of the He II line : historical notes 

The solar origin of this line in deep layers is badly understood. The ionization 
energy of He II is 54 eV. This line also corresponds to more energetic levels than 
the well known He II Lyman alpha line at 304 A. The temperature of formation is 
believed to be around or more than 50000 K ,Mariska et al 1992 [2]. This high 
temperature is possible in case of collisional effects due to beams of fast electrons 
coming from the hot corona or more probably from soft coronal radiations 
illuminating the chromosphere Zirin, 1975 [3], Avrett and Koutchmy 1989 [4], 
Mauas et al 2005 [5]. We do not know exactly how the fast electrons are guided or 
confined by the magnetic fields and how the helium lines are ionised in the low 
chromosphere, but some theoretical modelisations were done by Athay 1965 [6], 
[7]. These magnetic fields are concentrated by the converging motion of 
convective cells at the supergranulation boundaries Baudin et al 1997 [8]. Those 
cells produce the expulsion of magnetic fluxes with small-scale eruptions, such as 
spicules, jets, etc Filippov et al 2000 [9]. Another more plausible explanation 
could imply the photoionisation by X and EUV radiations coming from the 
surrounding hot corona, in case they penetrate deep enough into the 2 Mm thick 
layer, Avrett. and Koutchmy 1989 [10], Auchere et al 2000 [11]. In first 



approximation, the chromospheric layers as described by the VAL hydrostatic 
model with uniform stratified layers are where the phenomena occur. The Pashen 
a line of the He II line at 4686 A is known for a long time Butler 1925 [12]. It is 
observed in solar prominences, in galactic active nuclei, supernovae, in tormented 
Wolf-Rayet Stars, accretion disks, mini black-holes etc... It is very important to 
notice that in case of solar observations, only eclipses are free of parasitic light and 
can show the deep layers of the solar atmosphere where this of 16 km/frame on the 
limb at the August 1 st 2008 total eclipse, and a linear CCD detector is used, line is 
produced: thanks to the occultation occuring in space, no parasitic scattered light is 
present like in out of eclipse observations, Pierce 1968 [13]. It is then possible to 
study the faint shells up to the coronal level intensities. Worden et al. 1973 [14] 
did not succeed in observing the Hell line at the limb with the SPO excellent 
telescope and spectrograph outside an eclipse. For our eclipse study, we used a 
rather small grating -objective lens, fitted with a fast CCD camera working at 25 
frames/s to observe the helium lines in the region of 470 nm, during the second 
and the third contact of the eclipse. The temporal resolution is much higher than 
what has been done before, see Hirayama and Irie 1984 [15]; we obtained a 
resulting resolution 



3 Eclipse observations of 2008 and 2009 

The recorded spectra are over-exposed at the beginning of the 2 nd contact, and the 
flux decreases very rapidly. A few seconds after, the emission lines appear, with 
the continuum of the solar limb between myriads of faint emission lines. The line 
intensities are modulated by the valleys and mountains on the limb profile of the 
Moon. The following images show a sample of flash spectrum fitting exactly with 
the Moon profile (courtesy of P. Rocher from the IMCCE France) 
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Fig. 1. Part of the flash spectrum coming from the light recorded above the lunar limb (at 
left). During the 2 nd contact, about 250 spectra were obtained during the occultation process. 
Extract of the sequence obtained during the 2 nd contact at the August, 1 st 2008 eclipse (at 
right). Spectral resolution is 0.24 A/pixel. Spatial resolution across the dispersion is 1.8 
Mm/pixel. Average of 10 spectra. Cadence is 25 frames/s. 



The CCD camera allows obtaining a spatial resolution of 2 arcsecond/pixel. As 
said before, the advantage of the eclipses is that the phenomenon occurs in space. 
The occultation process is not affected by the Earth atmospheric turbulence. A 
greater extend of the chromosphere around the Sun appears as shells that entirely 
surround the Sun, in the line of the neutral helium (471,3 nm), and also of the 
ionized helium (468,6 nm). Figure 1 shows these shells in emission, in addition to 
the fainter low excitation emission lines of Fe II, Ti II, Mg I etc... 
The details of the lunar limb (mountains and valleys) strongly modulate the 
intensity of the spectrum of the thin layers of helium shells. The intensities of the 
ionized helium line vary in a rather monotonous way over the crescent, because of 



the difference in relative curves between the Moon and the Sun. The line 
intensities were measured in successive frames in order to analyse the flux 
variations with the heights above the photosphere. The measurements were done in 
the lunar valleys, where the Bailey's bead spectra are seen, see Bazin and 
Koutchmy, 2009 [16]. By averaging the measurements, we obtained the curves 
(figures 2 and 5) of the line emission variations, and performed a comparison with 
the continuum variations, see also Kurokawa, 1974 [17]. The effective thickness of 
the ionized He II shell is estimated to be approximately 1500 km. 



4 Analysis of the variations in the He I and He II lines 

Figure 2 shows the intensity profiles of the two helium lines. The continuum is 
measured in the same region and the intensity unit is the "limb" intensity at a 
distance of approximately 20" of the edge of the Sun. 

Mean continuum, He I and He II lines in solar limb units, 
As function of the height above the limb, August 1st 2008 solar eclipse 
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Fig. 2. Intensity profiles of the helium lines and continuum. 10 flash spectra stacked every 
five spectra. The true continuum was measured between emission lines. From the flash 
spectra taken at the 2 nd contact of the August 1 st 2008 total eclipse in Siberia. Heights are 
given in relative units 



These profiles were obtained by averaging the intensities in each image along the 
helium lines thin crescent at the location of the valleys of the Moon. 
Furthermore, at the July, 22 nd 2009 total eclipse, flash spectra were obtained 
during the 2 nd and the 3 rd contact. Many lines were observed and identified such as 
the lines of Ba II, Ti II, Fe II and the line of the neutral helium at 447, 1 nm, see 
figure 3. We used the Dunn's Tables from the 1962 eclipse [18] 



Fig. 3. 5 stacked flash spectra taken at the 2 contact of the 22/07/2009 eclipse. Frame rate 
is 15 images/s with a CCD Skynyx 2.1 M Lumenera camera. Spectral resolution is .12 
Angstrom/pixel. Spatial resolution on the azimuthal direction (normal to dispersion) is 0.9 
Mm/pixel. Dunn et al. 1968 tables have been used for the lines identification. 

Between the emission lines, the continuum can be accurately measured. Averages 
were possible thanks to the visibility of the Bailey's beads occurring near the 
contact. The intensities of the lines and continuum decrease and finally reach the 
coronal level. 



Fig. 4. Sample of stacked flash spectra recorded at the 3 r contact showing the He I line at 
447.1 nm 

Lines intensities were measured at the same position along the thin crescent. We 
obtained after averaging, the intensity profiles of the emission lines shown on 
figure 5. 

It should be noted that these shells are also well observed on Trace images of the 
solar limb taken in the C IV UV line at 155.0 nm and also, very recently, with the 
SOT Hinode using the HCall lines. A shell is clearly seen in emission with an 
approximately 2 Mm thickness corresponding to the ionised He II shell. Figures 6 
show spicules and the location of their feet in the deep layers where the corona 
should penetrate. 





Fig. 5. Intensity profiles of He I, Fe H, Ti II and continuum deduced from the flash spectra 
recorded during the 3 rd contact of the July, 22" d 2009 total eclipse, see figure 4 
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Fig. 6. HCall SOT- Hinode limb original negative integrated for 5 min filtergram (upper 
part) and the corresponding madmaxed filtergram, see Koutchmy O. 1988 [19] 
reconstructed by superposing individual frames taken during 5 min at an 8 sec cadence. 
Note at the right of each image the arrows placed exactly at the same height to point out the 
"work" done with the madmax algorithm in showing very near limb structures. At the 
bottom of the madmaxed image, under the limb, some marks are put to help to recognize 
structures supposed to come from behind "A" or from beyond "1" the opaque photospheric 
limb. 
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Fig. 7. Trace negative image of the polar limb (extracted from a sequence) obtained after 
subtracting 2 frames obtained at 1550 and at 1700 in order to try to show the CIV TR 
emissions only. No image processing was done after the substraction. The arrow points to a 
region where emissions are seen right above the limb with the thin shell well apparent. 



The thin transition region is a rather dynamical phenomena. The magnetic field 
effects are responsible for the big jump of temperature (T< .01 MK to T > 1 MK) 
occurring above the limb. According to the VAL model, the transition region is put 
at the 2.3 Mm level. Our new results suggest that the TR where the He II line is 
produced should be lower than 2 Mm, see also Daw et al 1995 [20]. It was difficult 
to measure the fluxes very near the limb, under 1 Mm, due to the saturation of the 
signal and the limited dynamics of the used fast CCD 1 . The Madmax operator acts 
to substantially enhance the finest scale structure; it is a weakly nonlinear 
modification of a second derivative spatial filter. The Madmax processing on a 2D 
single average image uses the maximum of the second order derivative function of 
the intensities taken in 8 different directions, in order to increase the visibility of 
the features. This technique allows improving and revealing the hidden details on a 
picture, such as the feet of the spicules in the lower layers, and it helps us to 
measure and identify the heights above the limb where the ionized helium line 
should be created and the limits of the hot corona penetration. 



5 Conclusions : 

A deep helium shell is well identified at 468.6 nm as the Pashen a line of He II. 
The effective thickness of the shell is about 1500 km. The layer is assumed to be 
optically thin in this line. 

The origin of the ionisation is not well understood. It could be by collision and/or 
by photoionisation and additional studies have to be done, including the study of 
the feet of spicules and their origin, see for ex. Athay 1956-1965 for the historical 
approach. This can be done in other spectral lines such as Ba II, Ti II, Mg II, and 
also with images from the Hinode and the Trace mission. New measurements of 
the Helium shells are planned for the next total eclipse of July 11 th 2010. 
The dynamic chromosphere needs to be studied in more details, such as the 
velocity, turbulence, Doppler shift of the spicules in HCall, Hel and Ha lines 
which allows recognising the feet of these structures in the deep layers, as 
illustrated by the Hinode filtergrams. 

The continuum profile is well seen between emission lines. It can be used to 
improve the model of the temperature minimum region where p-modes (global 
oscillations) have a maximum of amplitude. To perform these studies, eclipses are 
the best way to analyse the faint helium lines, because the very low level of the 
parasitic scattered light is not possible to reach outside of eclipses. 



1 A last experiment using the fast IK Lumenera CCD camera giving a true 12 bit depth of 
digitization was used at the total eclipse of July 1 1, 2010 in French Polynesia, with 
successful results which will be reported in a forthcoming paper. 



Acknowledgments. We benefited from discussions with many scientists, among 
them Zadig Mouradian, Boris Filippov, Leon Golub, Luc Dame, that we sincerely 
thank. 



References : 

1. Vemazza, J. E. Avrett, E. H. and Loeser, R. (1981) "VAL Model atmosphere", ApJ 
Suppl. Series, 45, pp 635 - 725 

2. Mariska, J.T. (1992) "The Solar Transition Region", Cambridge Univ. Press, Cambridge 

3. Zirin, H. (1975), "The helium chromosphere, coronal holes, and stellar X-rays", ApJ 
199, pp 63-66 

4 . Avrett, E.H. and Koutchmy, S. (1989) "New Observations and Analysis of the Helium 
D3 Shell above the Limb" Bulletin of the American Astronomical Society, 21, 828 

5. Mauas, P.J.D. Andretta, V. Falchi, A. Falciani, R. Teriaca, L.and Cauzzi, G. (2005) 
"Helium line formation and aboundance in solar active region", ApJ 619, pp 604-612 

6. Athay, R.G. (1965) "Theoretical line intensities, Excitation of chromospheric He II and 
hydrogen" High Altitude Observatory, ApJ, 142, 755 

7. Athay, R.G. and .Menzel, D. (1956) "A model of the chromosphere from the helium and 
continuum emission" High Altitude Observatory, ApJ, 123, 285 

8. Baudin, F. Molowny-Horas, R. and Koutchmy, S. (1997) "Granulation and magnetism in 
the solar atmosphere", Astron. Astrophys. 326 pp 842-850 

9. Filippov, B. Koutchmy, S. and Vilinga, J. (2007) "On the dynamic nature of the prolate 
solar chromosphere : jet formation" Astron. & Astrophys. 474, 1 1 19 

10. Avrett, E.H. and Koutchmy, S. (1989) "New Observations and Analysis of the Helium 
D3 Shell above the Limb" Bulletin of the American Astronomical Society, 21, 828 

1 1 . Auchere, F. (2000) "An observational study of helium in the solar corona with the EIT 
instrument on board the SOHO space craft" PhD defended at University Pierre et Marie 
Curie/IAS Paris France 

12. Butler, C. P. (1925), Spectrum of ionized helium, The Observatory, 48, pp. 264-265 
Daw,A. Deluca, E.E. and Golub, L. (1995), ApJ. 453, 929 

13. Pierce, A. K. (1968) "The chromospheric spectrum outside of eclipse, from 3040 to 
9266 A", Kitt Peak National Observatory, ApJ Supplement, 17, pp 1-373 

14. Worden, S.P. Beckers, and J.M. Hirayama, T. (1973) "The He+ 4686 A line in the low 
chromosphere" Sacramento Peak Observatory, Solar Physics, 28, Issue 1, pp 27-34 

15. Hirayama, T. and Makoto, I. (1984) "Line width observation of He I 4713 A and He II 
4686 A in the chromosphere" , Solar Physics, 90, pp 291 - 302 

16. Bazin, C. and Koutchmy, S. (2009) "The He I and He II deep coronal shells" Suzhou 
China, CAS-IAU Joint Solar Eclipse Meeting, 23-26/07/2009 

17. Kurokawa, H. Nakayama, K. Tsubaki, T. and Kanno, M. (1974) "Continuum of the 
extreme limb and chromosphere at the 1970 eclipse", Solar Physics, 36, Issue 1, pp 69 - 70 

18. Dunn, R.B. Evans, J. W. and Jefferies, J.T. (1968) "The chromospheric spectrum at the 
1962 eclipse" ApJ Supplement, 15, 275 

19. Koutchmy, O. and Koutchmy, S. (1988) "Optimum filter and frame integration 
application to granulation pictures" High Spatial Resolution Solar Observation NSO/SP 
Summer Workshop proceeding, conference proceeding, Sunspot, Editor Von der Liihe 

20. Daw, A. ;Deluca, E. E. and Golub, L. (1995) "Observations and Interpretation of Soft 
X-Ray Limb Absorption Seen by the Normal Incidence X-Ray Telescope" ApJ, 453, p 929 



